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RESEARCH MEMORANDUM

INVESTIGATION OF TWO PITOT-STATIC TUBES AT SUPERSONIC SPEEDS

By Lowell E. Hasel and Donald E. Coletti
SUMMARY

Tests have been.conducted in the Lengley 9-inch supersonic tunnel
of two pitot-static tubes to measure at several angles of attack the . :
body static pressures and indlcated Mach numbers. A cylindrical tube -
with en ogival nose section 8 body diameters long was tested at a
free~stream Mach number of 1.94. A service pltot-static tube was
tested at free-stream Mach numbers of 1.93 and 1.62.

The axlal pressure dlstribution on the cylindricel body was
independent of position at zero angle of attack provided that the
measurements were made 8 or more boiy dlameters behind the end of the
nose section. The radial pressure distribution on the forward side
of the cylindrical tube was-in falr agreement at small angles of
attack with that calculated by an approximate’ theory.

The service pltot-static tube gave results which were nearly
independent of small angles of attack in pitch but which varied
appreciaebly with yaw angle. The 1ndicated Mach number at zero angle
of attack for a test Mach number of 1.93 was 1.95; for a test Mach
number of 1.62, the indicated Mach number was 1.62.

TINTRODUCTICN

The design of suiteble tubes or other devices for mea
pressures corresponding to supersonic flight Mach numbers of.
end misgsiles appears of importence at the present time. Such a dev:[ce -
should be capable of measuring the free-stream static pressure &hd the _L,:‘\ T’
stagnation pressure after a normal shock. Accurate stagnation pressures r S
are easlly obtalned; however, the ebility to measure the static prdsgurd”
appears more uncertain. It is indicated from theoretical calculatidhs ﬁ/
that 1f an oglval-nose, cylindrical body is placed in a supersonic air
stream at zero angle of attack, the static pressures on the body will
at some station downstream of the nose return to free-strsam statilc -
pressure. The length of the cylindriceal body required for the static

pressure to return to free-stream pressure 1s dependent primerily upon r’; ’\
nose shape and Mach number. In an#attggp. s 60 determine this length, N T
[ R Lo . : " o

. JER
T ;
P



- -m

‘

NACA RM No. L8IO2

experimental tests on en oglval-nose, cylindrical pitot-static tube
have been made in the Lenglsey 9-inch supersonic tunnel at a Mach number

of 1.9k,

Static pressures were measured on the cylindrical body 4, 8,

12, 16, and 20 body diameters behind the end of the nose section.

The service plitot-static tube 1s also essentlally an ogival-nose,

cylindrical tube and the possiblllity of using 1t to 1lndicate supersonic

flight Mach nuwbers 1s of importance.
pitot-static tube at Mach nmumbers of 1.93 and 1.62.
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SYMBOLS

free-stream Mach number
indlcated Mach number
engle of attack, degrees .
average angle of attack, degrees
angle of yaw, degrees

angle of rotation, degrees
free-stream static pressure

free-stream stagnation pressure

static pressure on surface of pitcot-static tube

stagnation pressure measured by pitot-static tube

static pressure on- surface of cone

Tree-stream velocity -

Tree-stream-velocity component parsllel to axis of

pltot-static tube

free-stream-velocity component per@endicular'to axis

pltot-static tube

Tests have been msde on such a

of
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APPARATUS AND TEST METHODS

The Langley 9-inch supersonic tunnel in which these tests were
made 1s a closed return tunnel in which the pressure =nd humidity can
be controlled. The size of the test sectlon is approximately nine inches
square. The Mach number 1s changed by meens of sets of removeble nozzle
blocks which form the top and bottom surfaces of pert of the subsonic
entrance section, the two-dimensional supersonic nozzle, and the test
section.

A sketch of the ogival-nose, cylindrical pitot-static tube is
shown in figure 1. TFor convenience, the ordinates of the nose section
have been included. The stagnation pressure orifice at the nose has a
diameter of 0.020 inch and has edges which are relatively sharp.

Two static orifices of the same dlsmeter are located 180° apart at each
of five stations on the cylindrical portion of the body. The tubes
connecting the orifices to the mercury msnometer (used to record the
pressures visually) extended out the rear of the model snd 4128 not ceause
any interference with the static orifices. The model was supported in
the tunnel by fitting Inslde & conlcal sleeve &8s shown 1n figure 1.

The sharp leading-edge tip of the support was 1 inch downstream of the
last orifice station.

The service pltot-static tube was a Msnning-Bowmen & Co. tube,
specification No. 94~27876-A. It was tested as received except for
minor alterations at the rear which were necessary to facllitate
mounting it in the tumnel. These changes were made internally and had
no effect on the measured static pressures. A sketch of the tube
11lustrating the method of support 1s shown in figure 2.

The same general test methods were used for both models. As
stated previously, the models were supported from the rear. The sngle
of attack was determined within }0.015° by reeding on a graduated
scale the poslition of a light beam which was reflected from a small
mirror mounted at the extrems rear of each model. The angle-of-attack
range was fram -3.3° to 4.8° for the cylindrical tube end #7° for the
service tube. Since 1t was desired to determine the pressure distri-
bution as a function of the radial location 6 (see fig. 1), as well
as of axlal location, the static-pressure date for the cylindrical tube
were obtained from a series of tests becsuse the small size of the model
restricted the mumber of radial static-pressure orifices which could
be installed. Pressure reasdings were mAde at 30° radial intervals
by rotating the model about its longitudinal axis from 8 = o°
to 6 = 180° and running through the complete angle—of-attack range
at each radlal position of the orifices.
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The service pltot-static tube was tested in both pltch and yaw
attitudes with the drain holes to the stagnation-pressure chamber
open and closed to determine thelr effect upon the measured stagna-
tion pressure. The drain holes are Installed in service instruments
to remove the water which may accumulate in the chamber during flight
and are not found in laboratory instruments. The holes were sealed
with duratite compound and then sanded to give a smooth outside surface.

PRECISION OF DATA

The. accuracy of the data to be presented 1s dependent on the
accuracy of the static and stagnation pressure readings. These pressures
were visually recorded from & mercury menometer. Tne chief error to '
be found in this mesthod of recording pressures is that lntroduced by '
incorrect reading of the helghts of the mercury columns. It has bséen
found that the maximum probable readlng error may make the static-pressure
readings in doubt by *0.2 percent, and the stagnation pressures in
doubt by +0.0k percent. Since the indicated Mach numbers Were computed
from the ratlo of stagnation to static pressures, a cumilative srror
in the two pressure mesasurements could introduce a maximum error
of +0.005 in the indicated Mach number.. However, the scatter at each
axjal station of the static pressures measured on the body at ogy = 0.02°

(fig. 3) is greater than the }0.2 percent of Dy Dredicted from the

preclsion af the pressure msasurements. Further evidence that the ) -~
scatter 1s greater than predicted 1s present in figure 4, which shows -

the result of two tests made with the orifices in the same radial . - P
plane but differing in sngular rotation by 180°. The date show a '
small difference In statlic pressure on the opposite sldes of the tube
although the measured angle of attack is very close to 0°. Further-
more, rotating the tube 180° does not shift the direction of the T
pressure difference. It seems probable therefore that there is a _ -
amall misalinement of the free stream in the pitch direction with —-
respect to the measured 0° angle of attack of ;the tube. More important

is the difference of about 1 percent In the sverage pressure obtained

from the two runs. No satisfactory explanation can be found for this —
variation. Hence these deata together with the data shown in figure 3
this report These errors are relative and may be indicative of the
spread of data which could be expected 1f the tubes were tested In a
uniform stream.

Avaellable free-stream surveys made in the vicinity of the tubes
are shown in figuree 5 and 6. It should be mentioned that the two tubes o p
were not located at identical stations in the .tunnel during the tests
and, therefore, stream surveys for each tube location are shown at the

CONFIﬁENTI
g
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higher Mach number. Since no surveys have been made at the exact
location of the cylindrical tube, the survey located closest to the
tube is shown. These surveys were made in a plane perpendicular to
the engle-of-attack plane 6 = 90° and 270° end passing through the
exis of the tubes at « = 00. The survey shown in figure 5 was
made 0.16 inch from the axis of the tube. The surveys were made

to obtain at various stations in the stream the static pressure Pe

on the surface of a 5° half-angle cone having 0.020-inch orifices
located 0.97 inch behind the tip. In addition, the stagnation
pressure behind a normsal shock % obtalned with a square-nose

pitot tube whose orifice diameter was 16 percent of the frontal
dlameter was obtained at the seame stations where P, Wwas obtalned.

The free-stream Mach numbers were determined from the ratio
of lepc by use of the calculated results presented in reference 1.

A geries of careful measurements by methods using photographic
enlargements indicated that the cone half-angle was 5.00° * 0.01°.
The error introduced by this small variatlion in cone angle 1s neg-
ligible. Thus, the maximm probable error in stream conditions, as
ind.icated by the stream surveys and as plotted in figures 5 and 6,
may be X0.005M end 30.75 percent of p.

The plot of free-stream Mach numbers shown in figure 5 indicated
that the nose of the pltot-static tube is in a region of slightly
higher Mach number (AM = 0.008) than the static orifices. The mein
error which this Mach number distribution can introduce is in the -
Indicated Mech number obtained. from the ratio of H /p gince with

a constant free-stream stagnation pressure the measured values of I:'I'__p
decrease with increasing Mach number. The values of % used to

compute the indicated Mach numbers-in figure 8 have been increased
by 1.005 which 1s the theoretical ratio of the change of HP/H when

M changes from 1.948 to 1.940. It is realized that the correction
does not eliminate entirely the effects of the Mach number distri-
bution because the flow characterlstics over the nose are a function
of Mach number and 4o affect the static-pressure distribution.
However, it 1s thought that such effects are small for the small
variation present in free-stream Mach number.

The humidity in the tunnel was kept sufficiently low so that

the effects of condensation in the supersonic nozzls were negligible
for all the data presented.
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PRESENTATIORN AND DISCUSSION OF RESULTS

Cylindrical Pitot-Static Tube

The static-pressure distributions obtalned on the surface of the
cylindrical pitot-static tube at several angles of attack at M = 1.9k
at a Reynolds number of 4,000,000 per foot are shown in figure 7. These
results are presented in the form of the ratio _ps/y where pg 1s the
measured static pressure and p 18 the free-stream statlc pressure based
on an approximate mesn free-stream Mach number of 1.9k4.

The data show that the pressures measured at the most forward
orifice location, which is 4 body diameters behind the end of the nose
gection (12 diemeters from the front end), are, in general, lower than the
pressures measured farther back on the body. These lower pressures
could be caused by the effect of the ogival nose section or a variation
in the free-ptream static pressures in the vicinlity of the orifices.

In figure 3 the variation of the static pressures measured at Ugy = 0.02°

is compared with the free-stream statlic-pressure dlstribution. The shaded
area indlcates the probable limlits of accuracy of the survey as previously
discussed.

A comparison of the two curves indicates that the free-stream
progsure distribution could be influencing the msasured pressures slnce
the slopes of the two curves are In the same direction and of approximately
the same value. The effect of the ogival nose section on these static
pregsures cannot be predicted accurately without detailed calculations
or the installation of more static oriflces in the nose section although
1t appears from availeble calculations that the pressures in this vicinity
may be expected to be below free-stream pressure. Since the effects of
the nose gection and free-stream static-pressure distribution are probably
additive and the effect of each camnot be evaluated, the data obtalned
4 body diemeters behind the end of the nose sectlion should be considered
to be of doubtful value. :

The static pressures measured 8 dismeters behind the end of the nose
section eppear genereally to be in falrly good agreement with those
measured farther downstream on the tube except in the radial region
neer 6 = 270°. The pressure variation at 12, 16, and 20 dlameters
behind the end of the nose section appears to be of a rendom nature
end not entirely a function of free-streem variations. It 1s not under-
stood why the change in the pressure distribution 20 diameters behind
the nose section on figures T(e) and (f) should differ with that at
corresponding positive angles on figures T(b) amnd (c). Neglecting
these 1rregularities in the data, the static pressures msasured on the
cylindrical body appeer to be independent of axisl location provided
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that the measurements are made at least elght dlameters behind the end of
the nose section. While the axial locatlion of the orifices behind the
eight-dlemeter station 1s not important, it ls apparent from figure T that
most of the statlc-pressure variation is due to radias) location of the
orifices and that the variation could be reduced by measuring the
pressures close to the plane of engle of attack. (6 = 0° and 180°.)

An approximation to the radial pressure dilstribution arcund the
body may be made by use of incompressible potential theory for the
fiow-about & circular cylinder. According to the simple sweepback
concept, the free-stream velocity V may be divided into two com-
ponents, Vp parallel to the tube axls and V, perpendicular to
the tube axis, and

Vp =V cos o

Vr =V Bln o

The pressure distribution on the cylinder at & glven angle of attack
is a function of the crogewise velocity component Vy which is small

for small angles of attack. Therefore the following ilncompressible-
flow equation (reference 2) can be used to compute the pressure dis-
tribution where 6 (see fig- 1) denotes the radial location on the
cylindrical surface:

Dg = B + 2O, 2(2 - 4 s1n®0) (1)

The theoretlcal pressure distributlons obtalned by this method have
been plotted in figure 7. The agreement between the theory and
experimental date on the forward side of the body is falrly good at

the low angles of attack. As would be expected, singce the crosswise
velooity component increases with Increasing angle of attack, the
pressures near the plane of angle of attack inorease as the angle of
attack increases while those pressures near 6 = 90° and 270° generally
deorease. According to the approximate theory, the pressures on the
rear side of the tube, 8 = 180° to 6 = 909, should be the same as

the corresponding pressures on .the front side of the tube, & = Q°

to 6 = 90°. However the approximate theory does not take into account
. the laminar-boundarg-layer separation which takes place in the
vicinity of @ = 90%., At the small angles of attack the effect of

this separation 1s not reaedily apparent since the crosaswise velocity
component is small; however, at the larger angles of sttack the
pressure recovery near 8 = 180° does not equal the theoretleal value.
Reference to equation 1 shows that at 6 equal to 30°, 1509, 210°,

or 330°, the pressures should be independent of the angle of attack.
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However, since 1t has already been shown that the Reynolds number
affects the pressures on the rear of the tube, bnly the two pressures
on the frent, = 30° and 330° for positive angles of attack (8 = 150°
and 210° for negative engles of attack) might be expected to agree with
the theory. This expsctation is verified by the data which show a,
varlation of the mean pressures at these locatlons of less than 1 per-
cent of the reference static pressure for the entire angle-of-attack
renge .

The indicated Mach number obtained from the ratio of H /p as

measured on the cylindrical body tube at two angles of attack i1s shown
in figure 8. Since for these tests, the indicated stagnation pressure H
1s Iindependent of the angle of attack for small. angles, the indicated

Mach numbers of these tests are a function only of the static pressures
on the body. The indicated statlic pressures were, in general, lower then
free-stream static pressure and as a result the. indicated Mach numbers
are generally higher than the approximate mean Free-stream Mach number

of 1.9k. If the 'static pressures were measured, at the most suitable
redial locetion, as discussed above, the Mach number variation could be
reduced .

Service Pitot-Static Tube

The results of tests In the conventlonal pitch end yaw attitudes
of a service pltot-static tube at M = 1.93 s&at a Reynolds number of
gbout 4,000,000 per foot are shown in figures 9 and 10, respectively.
The tests were made In both attltudes with the pitot chamber drain holes
open and closed. The resulte are presented as ratlos of measured stag-
nation and statlc pressures to free-stream stagngtion pressure Hﬁ/H

and pB/H. Figure 9 shows that in the pitch attitude both msasured
pressures are nearly independent of angle of attack. These pressures
were also independent of whether the drain holes were.open or closed.
Near o =-0° +the measured static pressures are, eabout 4 percent lower
than the free-stream static pressure. The indicated Mach number obtained
from the retic of Hy Ips 18 1.95 for angles of attack up to *3° and

decreases as the angle-of attack ls further increased. The yaw results
shown in figure 10 indicate that in this attitude (@ = 0°) the static
pressure is dependent on the yaw angle. The variation as_predicted by
the use of equation (1) is also shown. Since the orifices ars located
at values of 6 varying from 60° to 120°, an average value of the

sine of 6 corresponding to 75° was used for these calculations. As

a result of the static-pressure variatlion the calculated Mach number
varies from 1.95 at ¥ = 0° to 2.07 at ¥ =

Resulte of & simllar set of tests made at M = 1.62 _at a Reynolds
number of about 4,400,000 per foot are shown in figures 1l and 12.

+
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Two main differences from the previous set of data are evident. The
sgroement between free stream and measured static pressures is much
better and, secondly, the drain-hole condition chenges the measured
stagnation pressure by about 0.7 percent. The resultant effect of the
drain holes on the indicated Mach number is negligible. The Indicated
Mach number in piltch agrees very well with the free-stream Mach number
of 1.62. In the yaw attitude the indicated Mach numher varies from
M=1.6 at ¥ =0° to1.69 at y = 7°. '

No attempt has been made to correct the dats on the service
pitot-static tube for the variation in stream conditions shown in
figure 4. The combined effect of the Mach number distribution and
blunt nose may be of some importance; however, the magnitude of the
effect is not known.

CONCLUDING REMARKS

Tests have recently been made in the Langley 9-inch supersonilc
tunnel of two pitot-static tubes. A cylindrical tube with an oglval
nose section 8 body diameters long was tested at M = 1.94. Static
pressures on the cylindrical body and the stagnation pressure at the
tip were recorded for a series of angles of attack. The results
show that with this configuration at thie test Mach mumber static
pressures may be measured with fair accuracy 8 body dismeters or
more back of the nose section and that the axisl orifice location
behind thls point was not critical. The radlal pressure distribution
can be predicted by en approximste theory at small angles of attack.
The data indicate that if, at smell angles of attack the average of
the static pressures on both sides of the tube near the plane of
engle of attack were measured, the resultant pressure would be close
to free-stream static pressurs and reasonable accuracy of the indi-
cated Mach number could be expected.

The second piltot-statlic tube was a service Instrument. It
was tested at Pree~stream Mach niumbers of 1.93 and 1.62 through a
range of piltch and yew angles. Tests were made in both attltudes
with the pltot chamber drain holes open and closed. The indicated
Mach numbers at « = 0° were 1.95 and 1.62. The indicated Mach
number in pitch was independent of angle of attack up to 3°. The
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variation of the indicated Mach number with yaw angle was greater, and it
18 shown that the variation of static pressure with the yaw angle can
be predicted theoretically. o B

Lengley Aeronautical Lsboratory
National Advisory Committee for Aeronautics
Langley Flelid, Va.
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